Vaccinating pregnant women in order to protect them, the fetus, and the child has become universal in no way at all. Prejudice in health professionals add to fears of women and their families. Both these feelings are not supported by even the smallest scientific data. Harmlessness for the mother and the child has been observed for seasonal, pandemic, or quadrivalent influenza, mono, combined polysaccharide or conjugated meningococcal or pneumococcal, tetanus toxoid, acellular pertussis, human papillomavirus, cholera, hepatitis A, Japanese encephalitis, rabies, anthrax, smallpox, yellow fever, mumps, measles and rubella combined, typhoid fever, inactivated or attenuated polio vaccines, and Bacillus Calmétte Guerin vaccines. Instead, the beneficial effects of influenza vaccine for the mother and the child as well as of pertussis vaccine for the child have been demonstrated. Obstetrician-gynecologists, general practitioners, and midwives must incorporate vaccination into their standard clinical care. Strong communication strategies effective at reducing parental vaccine hesitancy and approval of regulatory agencies for use of vaccines during pregnancy are needed. It must be clear that the lack of pre-licensure studies in pregnant women and, consequently, the lack of a statement about the use of the vaccine in pregnant women does not preclude its use in pregnancy.
Introduction
It is time to clear the hesitancy (at the very best) if not the horror (in the worst case) arousing in laymen, but regrettably also in many health professionals, when immunizations are proposed to pregnant women. Factors influencing vaccination acceptance have been excellently located [1] . Safety, need, effectiveness, or conflicting advice influence the laymen. Inadequate training, inadequate reimbursement, and increased workload influence health professionals.
A mixture of defensive medicine, the ancient visceral distrust against any artificial interference in pregnancy, and the current increasing mistrust against vaccines in the industrialized world may contribute to the proscription.
By contrast, we must be now convinced that these erroneous concepts and deriving harmful attitudes are exclusively based on mental laziness and low knowledge.
The protective effect in infants of maternal immunization during pregnancy was observed as early as 1879 when infants of mothers who had received the Jennerian vaccine during pregnancy resulted in their protection against smallpox [2] .
Safety of Vaccines in Pregnancy
Since 1879 a large body of evidence, acquired in hundreds of thousands of cases, has accumulated on the safety of immunization in pregnancy using non live vaccines [3, 4] .
Studies in non-live vaccines include inactivated seasonal or pandemic influenza, monoor combined polysaccharide or conjugated meningococcal, tetanus toxoid, acellular pertussis, human papillomavirus, cholera, hepatitis A, Japanese encephalitis, rabies vaccines, and anthrax vaccines .
Pregnant women are rightly excluded from prelicensure clinical trials of live-virus vaccines because of the theoretical risk of transmission of the vaccine virus to the fetus. Thus data do not exist deriving from prospective studies. As a consequence, as prudently as properly, live-virus vaccines are contraindicated for pregnant women. It is recommended to avoid immunization during pregnancy and to avoid pregnancy in the immediate period after administration of such vaccines [26] [27] [28] .
However, there is a large body of evidence derived from retrospective studies based on women inadvertently vaccinated individually and included in special registers (such as the Vaccine Adverse Event Reporting System or the Varicella-Zoster Virus-Containing Vaccines Pregnancy Registry) or women vaccinated during mass vaccination campaigns or military women vaccinated due to the risk of biological warfare. Data indicate the absolute absence of side effects on pregnancy, mother, and child. Confidence is so strong that advisory agencies suggest that live vaccines "must be considered basing on risk factors or special circumstances and that vaccination is not ordinarily an indication to terminate the pregnancy" [26] [27] [28] .
Safety has been demonstrated for smallpox, yellow fever (excluding a few reports of infection during breast feeding), mumps, measles and rubella combined vaccine, quadrivalent influenza, typhoid fever vaccine, oral attenuated poliomyelitis virus live vaccines, and Bacillus Calmétte Guerin [3, 15, [29] [30] [31] [32] [33] [34] [35] [36] . There are some reports indicating that that vaccination with yellow fever vaccine may induce infection with the vaccine strain through breast milk.
As a matter of fact, the Varicella-Zoster Virus-Containing Vaccines Pregnancy Registry was closed after about 920 reports had been included of women who inadvertently received the varicella vaccine within three months before pregnancy or at any time during pregnancy. No effect on pregnancy, mother, or child was reported [37] .
Several tens of thousands of pregnant women received the rubella vaccine in Argentina, Brazil, Costa Rica, Ecuador, El Salvador, and Paraguay during mass campaigns for rubella and congenital rubella syndrome elimination. No side effects were observed on pregnancies, mothers, or children. One baby showed at birth IgM antibodies against the vaccine virus, but no evidence of congenital rubella was found. This may indicate that the baby was "vaccinated" rather than "infected" during pregnancy [38] [39] [40] .
Similar reassuring results were obtained on a total of 680 susceptible pregnant women who had received a rubella vaccine during pregnancy in the United States, West Germany, Sweden, and the United Kingdom: no infants with congenital rubella syndrome were born [41] . Some babies were born with IgM against the rubella virus, but with no sign of congenital rubella.
Findings concerning the safety of live vaccines in no way should be considered an incentive to deliberately administer these vaccines to pregnant women and we must continue to advise women to avoid pregnancy for one month after receiving the rubella-containing vaccine. It may be that this is an example of excessive caution, but it is wise in medical practice primum non nocere, (that is first, do no harm) is this sentence the brainchild of Hippocrates or Galen or Sydenham? It is still a contentious matter [42] , but in any case the sentence is a pearl of wisdom.
On the other hand, two considerations deserve to be made. First: the safety of live vaccines in pregnancy is a convincing model of overall safety of immunization in pregnancy; second: these findings indicate that if a pregnant woman is inadvertently vaccinated, she should be counseled about the theoretical basis of concern for the fetus, but vaccination during pregnancy should not inevitably be a reason to consider termination of pregnancy.
Efficacy and Need
Several studies indicate that immunization during pregnancy with tetanus, diphtheria and acellular pertussis vaccine is as immunogenic as in non-pregnant women [16, 24, 26, 43] . Pregnant women mount a lively humoral response to tetanus and diphtheria toxoids as well as to Bordetella pertussis antigens (pertussis toxin, filamentous hemaglutinin, and pertactin). By contrast, proliferative and interferon-γ responses (expression of cellular immunity) are transient and impaired [43] .
The Centers for Disease Control and Prevention, as well as the American Academy of Pediatrics, recommend that pregnant women must be immunized against tetanus, influenza, and pertussis [12, 44] .
Maternal vaccination against tetanus is crucial to avoid tetanus neonatorum. Studies carried out in the sixties had shown that the vaccine reset the mortality rate from 7.8 to 0/100 live births [45] . In the late 1980s these findings induced the World Health Organization (WHO) to undertake the WHO's Maternal and Neonatal Tetanus Elimination Initiative which led to a 98% decrease of deaths caused by tetanus neonatorum [20] .
Fever in pregnancy per se predisposes for an increased risk for cleft palate, and heart or neural tube defects [46] . During pregnancy women display a reduced response of CD8 lymphocytes and dendritic cells to influenza virus at a time in which physiological hemodinamic and respiratory changes are also occurring [5, 47] . This convergence of harmful mechanisms causes an increased risk of developing an influenza infection and the particularly severe influenza disease [5, 47] . During the 2009 H1N1 pandemic influenza infected pregnant women had a four times increased risk of hospitalization as compared to non-pregnant women [48, 49] . Twelve percent of pregnancy-related deaths were attributed to confirmed or possible influenza infection [48, 49] . These phenomena occurred also during the 1918-1919 Spanish, 1956 Asian, and 2010 H1N1 pandemics [50] [51] [52] .
Influenza in pregnancy is dangerous not only for the mother but also for the child. A meta-analysis carried out on 33 studies, which included more than 1600 children exposed in utero to maternal influenza, showed that about 3.5% of the children manifested neural tube, limbs, heart or digestive defects, cleft palate, or hydrocephalus.
Since an efficient transplacental passage of antibodies against the influenza virus does occur, the child is protected (efficacy: 68%) from the disease during the first semester of life [5] . This is the age range when the vaccine is not recommended, but it is also the age range when the risk of death is higher as compared to other ages [5] .
Despite pertussis vaccination, morbidity and mortality due to Bordetella pertussis remains high worldwide, particularly among newborns and infants aged less than three months [53] [54] [55] . More than 90% of fatalities occur in this age range. At least two immunization strategies can be imagined to protect the infant.
The first one is the cocooning strategy which involves parents, caregivers, and others in close proximity. The rational of this strategy is that if they are protected from pertussis they indirectly protect infants from transmission. The main obstacles in the cocooning strategy are the need to vaccinate multiple households, and the acceptance of vaccination by all the loose cannon of non-household sources of infection [56, 57] . Far from unimportant is the concern that acellular pertussis vaccines, which behave differently from natural infection and the whole cell vaccine, prevent severe disease but not colonization and transmission. This may depend on a different T-cell response: natural infection and whole cell vaccine stimulate a robust Bordetella pertussis-specific T H 17 memory cell response (crucial against intracellular infections) whereas acellular vaccines induce a T H 1/T H 2 response. Thus, the cocoon strategy may fail to prevent colonization of family members and transmission to the newborn because Bordetella pertussis is transmitted to the infant by vaccinated but infected, even though asymptomatic, family members [58] . In addition, the timing of changes in age-specific attack rates and the phylodynamic analysis of sequences are consistent with the significant role of asymptomatic transmission in pertussis epidemiology [59] . In summary, the failure of programs aimed to reduce infant pertussis by applying the cocoon strategy through the use of the acellular vaccine is not surprising [60] .
The second strategy is vaccinating pregnant women, thereby directly conferring protection through the passive transfer of pertussis antibodies. The efficacy and effectiveness of this approach in preventing pertussis [61] and the placental transfer of maternal antibodies [62] have been demonstrated. At least three problems must be overcome [13, [62] [63] [64] [65] : (a) the lower efficacy in preterm infants who acquire a lower dosage of maternal antibodies; (b) the lower antibody response to the first dose of pertussis vaccine (even though the booster has been shown to elicit a response similar to that of infants born to non-immunized women); (c) the mutual interference between passively acquired maternal antibodies and antibodies actively elicited through vaccination [66] . Interference manifests in vitro as well as in vivo not as the amount of antibodies as much as the quality of antibodies and occurs only when the same vaccine is used in the mother and in the infant. Thus the solution is likely immunizing the mother and the infant with two different vaccines. There is another contrasting theory stating that vaccinating with the same vaccine would be beneficial, since immune memory would play a role on later antibody responses and antibody affinity (the so-called genetic imprinting).
Finally, two questions [10] : (a) should vaccinations be administered routinely to all pregnant women (as a consequence it becomes the first dose for the infant) or reserved in the case of outbreak? (b) should vaccinations be administered at every pregnancy regardless of the interval between pregnancies?
The cost-effectiveness of maternal vaccination vs. the cocooning strategy has been evaluated [67] : the vaccine in pregnancy is more cost-effective, and decreases the number of cases of pertussis in infants by 33% (as compared to 20% with the cocooning strategy), hospitalizations by 38% (compared to 19% with the cocooning strategy), and deaths by 49% (as compared to 16% with the cocooning strategy). The cost of vaccinating the woman during pregnancy is about one third of the cost of cocooning (which comes very close to $1200).
Conclusions
What there is to do? Not a little:
1.
a Copernican revolution must be carried out in our vision of vaccination during pregnancy [68, 69] . Obstetrician-gynecologists, general practitioners, and midwives, who already provide a large and valuable set of medical care to women, must incorporate vaccination into their standard clinical care. They must be convinced that vaccination in pregnant women has now become an ineluctable preventive measure which protects the mother, the fetus, and the baby; recommendations of healthcare providers are the keystone which induces vaccine uptake; 2.
in spite of the fact that physicians have a major influence on parental vaccine decision, physician-targeted communication intervention does not reduce maternal vaccine hesitancy or improve physician self-efficacy. Challenges for health care providers in informing and educating pregnant women range from fear of needles, lack of knowledge about the vaccine, lack of perceived benefits, and lack of knowledge about the severe consequences of the preventable disease. Research is needed to identify other communication strategies that are effective at reducing parental vaccine hesitancy in the primary care setting [70] . New methods to fully capture the benefits of vaccination and increase vaccine acceptance are two key elements that all stakeholders involved in vaccine policy, including scientists, must consider very carefully [71] ; 3.
evidentiary balance must replace the balanced at par description of opposing theories (in our case; vaccination vs. non-vaccination in pregnancy) where a preponderance of evidence points to a particular conclusion [72, 73] ; 4.
regulatory issues must receive more attention [74] . In many countries vaccines are not contraindicated for use in pregnant women, but no vaccine is licensed for use specifically during pregnancy. Approval of regulatory agencies for therapeutic goods for use of vaccines during pregnancy, in order to prevent disease in the mother and/or infant, would have weighty consequences on uptake and usage in pregnant women resulting in labeling which will assist physicians in facilitating the use of the vaccine during pregnancy. It should be stressed that "the lack of pre-licensure studies in pregnant women and consequently the lack of a statement about the use of the vaccine in pregnant women does not preclude its use in pregnancy. Such use is not off label and recommendations of immunization technical advisory groups are not inconsistent with regulatory agencies labelling" [74] . Doing nothing is a risk [75] .
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